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 Eutrophication has been the most challenging global threat to the quality 
of our freshwater resources (Likens, 2010). Reversing the effects of eutrophication can be 
difficult and takes a great deal of time and money. A hypereutrophic  Midwestern 
reservoir underwent a restoration from 2000-2002, which added a sediment basin at the 
inlet, three islands, five rock jetties, and the removal of rough fish. The primary objective 
of this study was to determine changes in the benthic macroinvertebrate community in 
response to the restoration. Water quality and benthic macroinvertebrate samples were 
collected once per month in June, July, August, and September in 2009; benthic 
invertebrate densities were compared from: i) 1970 and 2003 to determine if the 
macroinvertebrate community was reset to its original composition, ii) 1970 and 2009 to 
determine the impact of the restoration and iii) 2003 and 2009 to determine if the 
community has remained the same or if it has changed. Benthic invertebrate mean 
densities were significantly different between 1970 and 2003, and between 1970 and 
2009. However, they were not significantly different between 2003 and 2009. Overall, 
water quality seemed to have had no effect on the benthic community, whereas the 
restoration increased the diversity of the benthos by increasing the amount of habitat 
available.
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Introduction 
Eutrophication has been the most challenging global threat to the quality of our 
freshwater resources (Likens, 2010). This process of enrichment with excess plant 
nutrients, primarily phosphorus and nitrogen, leads to enhanced growth of algae, 
periphyton, and/or macrophytes, as well as increased biological productivity and 
decreased basin volume from the excessive addition of dissolved and particulate 
inorganic and organic materials to lakes and reservoirs (Cooke, et al., 2005) (Likens, 
2010). Reservoirs in particular, which are primarily constructed for flood control and 
irrigation, are experiencing rapid eutrophication due to nutrient loading, sedimentation, 
acidification, and the introduction of toxic contaminants. Many reservoirs lie within 
watersheds dominated by agricultural production, which increases phosphorus-bound 
sediments in a reservoir, due in part to erosion.  
Reversing the effects of eutrophication can be difficult and takes a great deal of 
time and money. Restorations attempt to return a disturbed aquatic ecosystem to some 
former state or condition (Wetzel, 2001). Restoration of lakes from excessive 
productivity due to eutrophication is accomplished by nutrient loading reduction and 
control or removal of plant biomass (Wetzel, 2001).  
Benthic macroinvertebrates are good indicators of water quality because:(1) they 
are ubiquitous and, consequently, are affected by perturbations in aquatic habitats; (2) the 
large number of species exhibit a range of responses to environmental stress; (3) their 
sedentary nature, relative to other aquatic organisms such as fish, permits effective 
determination of the spatial extent of perturbations; and(4) their long life cycles, relative 
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to most other groups of organisms, allows examination of temporal changes in 
characteristics such as abundance and age (Merritt, et al., 2008). 
Previous studies of the effects of eutrophication in lakes and reservoirs have 
documented several benthic community responses: (1) oligochaetes, chironomids, 
gastropods, and sphaerids increase and Hexagenia decreases (Carr, et al., 1965); (2) 
number of oligochaetes relative to chironomids increase as organic enrichment increases 
(Peterka, 1972); (3) in the later phases of eutrophication oligochaetes are favored by the 
increased supply of organic matter in the sediments (Grimas, 1969); (4) the 
macroinvertebrate community becomes more homogenous, consequently, species 
diversity decreases in highly eutrophic waters (Jonasson, 1969); (5) Tanytarsini are 
replaced by Chionomini in positions of dominance with increasing eutrophication 
(Paterson, et al., 1970).  
 Benthic macroinvertebrates are used largely in assessments of streams and rivers; 
but studies focused on macroinvertebrates as indicators in lakes and reservoirs are less 
common. Few studies have been conducted to determine how communities within a 
reservoir respond to the restoration, specifically macroinvertebrates. By comparing long-
term pre-restoration and post-restoration data it can be determined if the 
macroinvertebrate community has been reset to its original composition and the impact of 
the restoration on the community.  
The objective of this study was to determine any changes in the benthic 
macroinvertebrate community in response to a restoration of Wagon Train reservoir in 
2001 and the associated water quality changes. This was accomplished by comparing 
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macroinvertebrate data from: i) 1970 and 2003 to determine if the macroinvertebrate 
community was reset to its original composition, ii) 1970 and 2009 to determine the 
impact of the restoration, and iii) 2003 and 2009 to determine if the community has 
remained the same or if it has changed.  
I hypothesized that the community would not be reset to its original composition. 
I also hypothesis that the community will not be the same from one study period to the 
next. The distribution and composition of aquatic macroinvertebrate communities are 
influenced by a variety of environmental factors such as habitat characteristics, water 
quality, sediment quality, food quality and quantity along with biological factors such as 
competition and predation (Peeters, et al., 2004). As these environmental and biological 
factors change over time the macroinvertebrate community changes with these factors.    
Materials and Methods 
Study Site 
Wagon Train reservoir (S 25, T 8 N, R 7 E) is approximately 19 kilometers 
southwest of Lincoln in Lancaster County, Nebraska (Figure 1). It was constructed by the 
U.S. Army Corps of Engineers (USACE) primarily as a flood control impoundment, with 
initial filling in 1963. It was also designed to support beneficial uses such as recreation 
and habitat for aquatic life. The reservoir is 315 surface acres, has a storage capacity of 
2272 acre feet and a mean depth of 4.13 meters.  The watershed is dominated by 
agriculture, primarily row crop (56 percent), with 27 percent devoted to grassland, 
pasture or hay, and 10 percent covered by wooded areas (Figure 2).   
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In 1998, Wagon Train reservoir was placed on the Nebraska 303(d) list of 
impaired waters due to impairment by sedimentation, low dissolved oxygen, organic 
enrichment, nutrients, and pesticides (NDEQ, 2002). Section 303(d) of the federal Clean 
Water Act (CWA), enacted by Congress in 1972, requires states, tribes, and territories to 
develop a list of impaired waters. Because of these impairments, Wagon Train reservoir 
could no longer support its beneficial uses.   
In 2001, the Nebraska Game and Parks Commission (NGPC) completed several 
surface water quality and fishery renovations at Wagon Train reservoir (Lower Platte 
South Natural Resource District, 2009). The renovation focused on rough fish removal, 
shoreline stabilization and protection, aquatic habitat enhancement, and reduction of 
sediment and nutrient loading (NDEQ, 2002). 30,000 m3 of sediments were removed 
from the reservoir bottom and 140,000 m2 of wetlands were created (Zoller, 2008). As a 
result water quality has improved and de-listing of Wagon Train reservoir occurred.  Best 
management practices are being implemented in the watershed, primarily construction or 
renovation of field terraces, to improve water quality. 
Reservoir Morphometry 
During the 2001 restoration five rock jetties were constructed to protect the 
shoreline from erosion, allowing aquatic vegetation to colonize. Sediment dikes were 
constructed to decrease the amount of sedimentation in the reservoir. Three islands near 
the inlet and a bay on the southeast side were constructed to increase the amount of 
habitat available for aquatic organisms. Additionally, the islands slow the flow of water 
causing nutrient rich sediments to precipitate from the water column in the upper portion 
of the reservoir. 
5 
 
 
Field Collections 
Wagon Train reservoir was sampled once monthly in June, July, August, and 
September of 2009.  Sampling techniques and analyses were consistent with previous 
studies at Wagon Train (Hergenrader and Lessig, 1979; Popp and Hoagland, 1994; Popp 
et al., 1996; Holz et al., 1997). 
Three permanent sampling sites were established on Wagon Train reservoir where 
water samples were collected, a depth profile was taken, and Secchi disk depth was 
recorded (Figure 3). Vertical profiles of water temperature, dissolved oxygen (DO), pH, 
specific conductance, salinity, total dissolved solids (TDS), and turbidity were all 
measured using a YSI probe (YSI Incorporated, Ohio) at each sampling station. Water 
samples were collected at 0.5 meter below the surface and 1 meter from the bottom using 
a Van Dorn sampler (Wildlife Supply Company, Michigan). The water was put into an 
acid-washed Nalgene bottle, placed on ice, and returned to the laboratory for analysis.  
Benthic macroinvertebrate samples were collected using a 15 cm square Eckman 
dredge (Wildlife Supply Company, Michigan).  Three grab samples were taken along a 
transect at each sampling station and added to a single bucket by passing through a U.S. 
No. 30 sieve (595 µm mesh opening). The remaining material was placed in a Critter-
Pickin’ pan (Wildlife Supply Company, Michigan) and flooded with a sucrose flotation 
solution (Anderson, 1959). The flotation solution consisted of sucrose (table sugar) and 
water to a specific gravity of 1.11-1.12. A hydrometer was used to measure the specific 
gravity of the solution. The mixture was stirred and the organisms were removed as they 
floated to the surface. Once a pan was picked the remaining debris was put back into a 
plastic container, passed through a U.S. No. 30 sieve, and re-flooded to ensure that all 
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organisms were removed. The organisms were preserved in 70% ethanol prior to 
identification in the laboratory.  
Lab Analyses 
Water Chemistry: Water chemistry samples were analyzed using the following 
methods:  (i) total phosphorus (TP) (unfiltered sample), total dissolved phosphorus (TDP) 
(sample filtered through 0.45 Millipore membrane filter prior to digestion) and ortho-
phosphate (OP) (unfiltered sample, no digestion), the ascorbic acid method (Lind, 1985) 
(ii) total nitrogen (TN), the alkaline potassium persulfate digestion (D'Elia, et al., 
1976)and UV absorption method (APHA, 2005), (iii) nitrate + nitrite nitrogen, the 
hydrazine reduction method (Downes, 1978), (iv) alkalinity (Lind, 1985), and (v) total 
suspended solids and volatile suspended solids (TSS/VSS) (APHA, 2005).  Chlorophyll a 
was extracted from glass fiber filters at 78 oC for 5 minutes in 10mls of 90% aqueous 
ethanol (Nusch, 1980).  Chlorophyll a concentration in the extract was determined using 
a 10-AU Fluorometer (Turner Design, Sunnyvale, California) calibrated with chlorophyll 
a standard of known concentration (Welschmeyer, 1994). 
Macroinvertebrates: Invertebrates were identified using a Nikon SMZ-1B ESD 
dissecting microscope and a Nikon YS2-T compound microscope. Invertebrates were 
identified to the lowest practicable taxon, usually genus or species, using Merrit & 
Cummins (1996) and Pennak (1989) and enumerated. Chironomidae were temporarily 
wet mounted using 70% ethyl alcohol and identified under a compound microscope.  
Biomass was determined following Hergenrader and Lessig (1980).  Individual taxa were 
dried in an oven at 70°C for twenty-four hours. Mollusc shells were removed, before 
drying, using 10% hydrochloric acid. After removal from the oven, dried material was 
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placed in a desiccator until it reached ambient temperature. Weights were taken before 
and after drying to the nearest 0.1 mg on an A-250 balance (Denver Instrument, 
Colorado) (Table 8).   
Species richness, diversity, and evenness were calculated for 1970, 2003, and 
2009 and compared to determine how the benthic community changed over time. 
Richness is simply the number of a taxa present. Diversity was calculated using 
Shannon’s diversity indices:  
Η   	
	


 
where s=number of species, and pi = proportion of the total sample represented by the ith 
species (Guy, et al., 2007). Evenness was calculated based on Shannon’s Index as: 
      


 
where = 
=maximum possible value of Shannon’s index, and s=number of 
species (Guy, et al., 2007). Tolerance values from the Family Biotic Index (FBI) were 
also used to compare the 4 dominant families between each study period.  
Statistical Analyses 
Benthic invertebrate density for each year, month, and year*month interaction 
was compared using an analysis of variance (ANOVA) to determine effects on the 
benthic invertebrate community. The Least Square Mean (LSMean) of each taxa was 
compared for each year to determine how the population changed from year to year. 
Contrasts were performed between data from 1970 vs. 2003 to determine if the benthic 
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invertebrate community was reset to its original condition; 1970 vs. 2009 to determine 
what impact the restoration had on the benthic invertebrate community; and 2003 vs. 
2009 to determine if the benthic invertebrate community has remained the same or 
changed since the restoration.  Physical and chemical data were analyzed in the same 
way.  
Residual plots were used to check for normality and square root and log 
transformations were used to reduce the amount of variance and to verify statistically 
significant taxa. Ten taxa (Branchiura sowerbyi, Ceratopogoninae, Chaoborus, 
Chironomus, Coelotanypus, Cryptochironomus, Procladius, Sphaeromias, Tanypus, and 
immature Tubificidae) which were statistically significant and the most abundant, were 
selected and used for the remainder of the analysis of covariance (ANCOVA) to DO, TP, 
temperature, and chlorophyll a to determine what effect these parameters had on the 
benthic invertebrate community.   
All statistical analyses were performed using SAS, version 9.2 (SAS Institute Inc., 
2002-2007). Reports of mean annual density with significant differences for all taxa can 
be found in (Table 6). Full outputs for the 10 statistically significant taxa with 
transformations are reported in Table 2.  
Results 
Physical and Chemical Changes 
TP and TSS were significantly different among all study periods (Figure 4).  
Mean TP increased from 135.56 to 330 µg l-1 in 1970 to 2003, and decreased to 264.65 
µg l-1 in 2009. Mean TSS decreased from 34.55 to 10.5 mg l-1 in 1970 to 2003 and 
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increased from 10.5 to 15.33 mg l-1 in 2003 to 2009. Mean chlorophyll a was significantly 
different between 1970 and 2009 as well as 2003 and 2009. However, it was not 
significantly different between 1970 and 2003. Mean chlorophyll a increased from 21.5 
to 49.0 and 62.7 µg l-1 in 1970, 2003, and 2009, respectively. Mean temperature was not 
significantly different between any of the study periods. Mean temperature fluctuated 
between 23.5, 22.1 to 23.4°C in 1970, 2003, and 2009, respectively. Mean alkalinity was 
significantly different between 1970 and 2003 as well as 2003 and 2009. However, it was 
not significantly different between 1970 and 2009. Mean alkalinity fluctuated between 
178.22, 151.5, and 179.08 mg l-1 in 1970, 2003, and 2009, respectively. Mean Secchi disk 
depth was significantly different between 1970 and 2003 as well as 1970 and 2009. 
However, it was not significantly different between 2003 and 2009. Mean Secchi disk 
depth increased from 0.48 meters in 1970 to 0.78 meters in 2003 and decreased to 0.72 
meters in 2009. Mean pH was significantly different between 1970 and 2003 as well as 
1970 and 2009. However, it was not significantly different between 2003 and 2009. Mean 
pH had a significant increase from 8.3 to 8.6 in 1970 and 2003, and decreased to 8.5 in 
2009. Mean DO was significantly different between 1970 and 2003 as well as 2003 and 
2009 (Figure 4). However, it was not significantly different from 1970 and 2009. Mean 
DO changed from 6.6, 8.9, and 6.2 mg l-1 in 1970, 2003, and 2009, respectively. 
Benthic Invertebrate Composition 
Thirty seven taxa were identified from Wagon Train reservoir in 2009 (Table 3). 
Invertebrate density was lowest in June and highest in August. The most common 
invertebrates were larval chironomids in the subfamily Tanypodinae, comprising 95% of 
the family Chironomidae. Tanypus was the most abundant genus followed by Chaoborus, 
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B. sowerbyi, and Sphaeromias comprising 34%, 24%,, 11%, and 11%, respectively 
(Figure 5). The remaining 33 taxa totaled 20% of the benthic invertebrate community.  
Benthic Community Changes (1970 vs. 2003) 
The number of taxa collected from Wagon Train reservoir increased from nine in 
1970 to 23 in 2003 (Table 3). Total density increased drastically from 8,489 to 98,790 m-2 
in 1970 to 2003, respectively. Taxa that disappeared from 1970 to 2003 included: 
Palpomyia tibialis, Pentanuerini, and Tendipes tentans (Chironomidae:Diptera), 
Hexagenia (Ephemeroptera), and Tubifex tubifex (Oligochaeta). Of these, T. tubifex was a 
major component of the benthos, comprising 21% of the benthos collected from 1970 
(Table 4). Sixteen new taxa were collected in 2003 (Table 3) with Chironomus and 
Ceratopogoninae comprising 43% and 11%, respectively (Table 4). Chaoborus was also 
a major component, as in 1970, comprising 44% of the community.  
Benthic invertebrate mean density differences were significantly different for 
1970 vs. 2003 (p=0.0002). In 1970 and 2003 the total mean density was 707 and 8,233 m-
2 respectively. September had the highest mean monthly density at 768 and 23,909 m-2 in 
1970 and 2003, respectively.  
Chironomidae, Ceratopogonidae, Chaoboridae and Tubuficidae combined, 
comprised 96 and 99% of the community in 1970 and 2003, respectively.  
The remaining taxa were combined, labeled ‘all other’ and comprised 4 and 1% of the 
community in 1970 and 2003, respectively. Chironomidae, Ceratopogonidae, 
Chaoboridae and Tubificidae mean relative abundance for 1970 were 69, 0, 6, and 21%, 
and for 2003 were 55, 11, 31, and 2%, respectively.  Ceratopogonidae, Chaoboridae, and 
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Tubificidae mean abundances were significantly different (p<0.05) between study periods 
(Table 6). However, Chironomidae and ‘all other’ mean abundances were not 
significantly different.  
Eight taxa were significantly different from 1970 to 2003 (ANOVA with p-value 
<.05) include: Ceratopogoninae (p=0.0047), Chaoborus (p=0.0141), Chironomus (p 
<.0001), Coelotanypus (p=0.0104), Cryptotendipes (p=0.0452), P. tibialis (p=0.0166), 
Tanytarsus (p=0.0418), and T. tubifex (p=0.0368). Of these, Ceratopogoninae, 
Chaoborus, Chironomus, and Coelotanypus are from our ten taxa confirmed significantly 
different (p=0.05). These four taxa were compared to DO, TP, temperature, and 
chlorophyll a (ANCOVA, p-value <.05) to determine what effect these parameters had on 
each taxon and discussed later.  
Benthic Community Changes (1970 vs. 2009) 
The number of taxa collected from Wagon Train reservoir increased from 9 in 
1970 to 37 in 2009 (Table 3). Total density increased from 8,489 to 85,280 m-2 in 1970 
and 2009, respectively.  Invertebrate taxa that disappeared from 1970 to 2009 included: P. 
tibialis, Pentaneura, Tanytarsus, T. tentans,and T. tubifex. Of these, T. tubifex was a 
major component of the benthic community, comprising 21% of the benthos in 1970 
(Table 4). Twenty nine new taxa were collected in 2009 (Table 3) that weren’t collected 
in 1970. Of these B. sowerbyi, Tanypus, and Sphaeromias comprised 11%, 34% and 
11%, respectively (Table 4). Chaoborus was also a major component, as in 1970, 
comprising 24% of the community.  
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Benthic invertebrate mean density differences were significantly different 
between study periods (p=0.0013). In 1970 and 2009 benthic invertebrate total mean 
density was 707 and 7,107 m-2, respectively. In 1970 mean monthly density was the 
highest in September at 768 m-2 and in 2009 August was highest at 10,221 m-2.  
Chironomidae, Ceratopogonidae, Chaoboridae, and Tubificidae combined- 
comprised 96 and 94% of the invertebrate community in 1970 and 2009, respectively. 
The remaining taxa were combined, labeled ‘all other’ and comprised 4 and 6% of the 
invertebrate community in 1970 and 2003, respectively.  Chironomidae, 
Ceratopogonidae, Chaoboridae and Tubuficidae mean relative abundances for 1970 were 
69, 0, 6, and 21% and for 2009 were 40, 12, 25, and 17%, respectively. Chironomidae, 
Ceratopogonidae, and Chaoboridae mean abundances were significantly different 
(p<0.05) between study periods (Table 6); however, Tubificidae and ‘all other’ mean 
abundances were not statistically different.  
Twelve taxa were significantly different from 1970 to 2009 (ANOVA with p-
value <.05): Aulodrilus (p=0.0111), B. sowerbyi (p=0.0001), Chaoboridae pupa 
(p<.0001), Coelotanypus (p=0.0001), Krenopelopia (p=0.0223), Musculium (p=0.0124), 
P. tibialis (p=0.0166), Sphaerium (p=0.0037), Sphaeromias (p<.0001), Tanypus 
(p=0.0028), T. tubifex (p=0.0368), and immature Tubificidae (p=0.0155). Of these B. 
sowerbyi, Coelotanypus, Sphaeromias, T. tubifex, and immature Tubificidae are from the 
ten statistically significant taxa. These five taxa were compared to DO, TP, temperature, 
and chlorophyll a (ANCOVA, p-value <.05) and are discussed later.  
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Benthic Community Changes (2003 vs. 2009) 
The number of taxa collected from Wagon Train reservoir increased from 23 in 
2003 to 37 in 2009 (Table 3). Total density decreased from 98,790 m-2 in 2003 to 85,280 
m-2  in 2009, respectively. Taxa that disappeared from 2003 to 2009 included: 
Cryptotendipes, Einfeldia, Parachironomus, Tanytarsus, Sphaeriidae immature, Acari, 
Nematoda, and Ostracoda, none of which were a major component of the benthos in 
2003. Twenty five new taxa were collected in 2009 that weren’t collected in 2003 (Table 
3). Of these Sphaeromias was the only one that was major components, comprising 11% 
of the community.  
Benthic invertebrate mean density differences were not significantly different 
between study periods. In 2003 and 2009 benthic invertebrate total mean densities were 
8,233 and 7,107 m-2, respectively. In 2003, monthly density was highest in September at 
23,909 m-2 and in 2009 August at 10,384 m-2.  
Chironomidae, Chaoboridae, Ceratopogonidae and Tubificidae combined, 
comprised 99% and 94% of the community in 2003 and 2009, respectively. The 
remaining taxa were combined, labeled ‘all other’ and comprised 1 and 6% of the 
invertebrate community in 2003 and 2009, respectively. Chironomidae, Chaoboridae, 
Ceratopogonidae and Tubuficidae mean relative abundances for 2003 were 55, 31, 11, 
and 2% and for 2009 were 40, 25, 12, and 17%, respectively. Chironomidae, Tubificidae, 
and ‘all other’ mean relative abundances were significantly different (p<0.05) between 
study periods (Figure 5). However, Chaoboridae and Ceratopogonidae mean relative 
abundances were not significantly different. 
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Twelve taxa were significantly different from 2003 to 2009: Aulodrilus 
(p=0.0111), B. sowerbyi (p=0.0002), Ceratopogoninae (p=0.0094), Chaoboridae pupa 
(p=<.0001), Chironomus (p=<.0001), Cryptotendipes (p=0.0452), Krenopelopia 
(p=0.0223), Musculium (p=0.0293), Sphaerium (p=0.0037), Sphaeromias (p<.0001), 
Tanypus (p=0.0106), and Tanytarsus (p=0.0365). Of these B. sowerbyi, Ceratopogoninae, 
Chironomus, Sphaeromias, and Tanypus are from the 10 taxa considered statistically 
significant. These 5 taxa were compared to DO, TP, temperature, and chlorophyll a 
(ANCOVA, p <.05) and are discussed later.  
Benthic Community vs. Physical and Chemical Changes 
DO, TP, temperature, and chlorophyll a are good indicators of the trophic state of 
an aquatic ecosystem. These four parameters were thought to have the most influence on 
the benthic invertebrate community. The most important factors that cause benthic 
composition and abundance to vary include dissolved oxygen, quantity and quality of 
organic matter inputs, temperature, sediment grain size and compaction, disturbance and 
depth-dependent biotic interactions (Likens, 2010). Water temperature is also one of the 
major factors determining the distribution of aquatic insects along gradients of latitude 
and elevation because, metabolism, growth, development and reproduction, as well as 
food availability, are all influenced by temperature (Merritt, et al., 2008). Blumenshine et 
al. (1997) found that nutrient enrichment increased the abundance of benthic 
invertebrates on both hard and soft substrata, increased rates of emergence of benthic 
insects and altered size and species composition significantly. These four parameters 
were compared to the 10 statistically significant taxa (Table 2). DO, TP, and temperature 
had no statistically significant effect on any of the 10 taxa. Tanypus was the only taxa 
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affected by chlorophyll a with p=0.0017. As chlorophyll a increased Tanypus abundance 
decreased.  
Benthic Community Diversity & Evenness 
Taxa and family richness, Shannon’s Diversity Index, and evenness were 
calculated for 1970, 2003 and 2009 (Table 7). Comparing 1970 and 2003 the number of 
taxa increased from nine to 21, diversity was 1.20 and 1.52, and evenness was 0.55 and 
0.50, respectively. The community indices suggest that the benthic community diversity 
and evenness were similar in 1970 and 2003. Comparing 1970 and 2009, the number of 
taxa was 9 and 37, diversity was 1.19 and 2.09, and evenness was 0.55 and 0.58 
respectively. The community indices suggest that the communities are relatively different 
in diversity and similar in evenness. Comparing 2003 and 2009, number of taxa was 21 
and 37, diversity was 1.52 and 2.09, and evenness was 0.50 and 0.58, respectively. These 
community indices indicate a shift to a more diverse and even community composition.    
Discussion 
The goal of this study was to examine any changes in the benthic 
macroinvertebrate community in response to a restoration of Wagon Train reservoir, as 
well as any associated water quality changes. The benthic macroinvertebrate community 
mean density was significantly different- between 1970 and 2003 as well as 1970 and 
2009; however, it was not statistically different between 2003 and 2009.  The benthic 
macroinvertebrate community became more diverse between each study period. This 
supports the hypothesis that the benthic macroinvertebrate community would not be reset 
and would change between each study period.  
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Physical and chemical changes 
Rock jetties and three islands changed the physical characteristics of the reservoir 
during the restoration.  Both of these changes increased the amount and quality of habitat 
available for organisms within this aquatic ecosystem. Rock jetties increased bank 
stabilization by reducing erosion from wave action, allowing aquatic macrophyte re-
colonization and providing additional habitat for benthic macroinvertebrates. Rock jetties 
and islands also increased the amount of habitat available for fish by increasing the 
shoreline. Increased macrophyte and fish habitat create a healthier aquatic environment. 
The macrophytes benefit the benthos which in turn benefits the fish by providing more 
food, as well as refugia for larval fishes.  
Sediment basins were put upstream of the reservoir to reduce the amount of 
sedimentation within the reservoir.  The increased Secchi disk depth from 1990 to 2003 
verifies that the sediment basins have had a positive effect on the reservoir. However, 
Secchi disk depth decreased slightly from 2003 to 2009 and TSS increased, indicating 
sedimentation may still be occurring. The slight increase could also be a result of 
increased rainfall. Although there was a decrease in Secchi disk depth and TP from 2003 
to 2009 there was a slight increase in chlorophyll a, and TSS indicating that 
eutrophication is an ongoing process.  
Following the restoration TP, decreased and chlorophyll a, TSS, and temperature 
increased. A study in Kansas showed phosphate levels decreased throughout the four year 
period following the drainage and refilling of a lake (Prophet, 1970). The decrease in TP 
from 2003 to 2009 may be a result of increased phosphorus levels during the refilling 
phase. As a reservoir fills with water, the inundation and erosion of previously unflooded 
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land and vegetation release nutrients and vegetative debris into the water. The increase in 
nutrient levels together with the increased light penetration in the reservoir cause 
phytoplankton to multiply rapidly (Likens, 2010). The zooplankton and 
macroinvertebrate community will respond in the same way, resulting in an overall short-
term increase in productivity, and once all the nutrients are depleted the plankton 
community may increase or decrease, depending on the inflow of nutrients to the 
reservoir (Likens, 2010). 
Chlorophyll a increased between each study period. This is the result of increased 
nutrient levels during initial filling. Even though total phosphorus decreased, chlorophyll 
a continued to increase indicating a high enough inflow of nutrients into the reservoir to 
maintain productivity. This could also indicate an overabundance of phosphorus in the 
system, more than the algae can utilize. Also, decreased sedimentation increases light 
penetration for photosynthesis causing chlorophyll a to increase. This indicates that BMP 
likely needs improvement within the watershed.  
Survey of the International Lake Environmental Committee indicated in the early 
1990s that 40-50% of lakes and reservoirs are eutrophicated (Likens, 2010). In Nebraska 
during 2007, 49 lakes and reservoirs were sampled, 43% exhibited impairments to 
aquatic life and 50 % exhibited impairments to aesthetics (NDEQ, 2008). Even though 
this is just a portion of the lakes and reservoirs in Nebraska, the high percentages should 
be a concern.  
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Benthic community changes (1970 vs. 2003) 
The number of taxa and density increased drastically from 1970 to 2003 in 
Wagon Train reservoir. Relatively few studies have examined the long term changes of 
benthic communities, so it is unclear why there would be such a dramatic increase. 
Following the restoration, rock jetties helped reduce bank erosion allowing for aquatic 
vegetation to colonize the shoreline. This provided additional habitat for benthic 
invertebrates, which could have helped increase the number of taxa and density. Also, it 
is unclear how long it takes for a benthic community to become established. As 
environmental and allied biological factors changed over time, the benthic community 
also changed with these factors.  
Tubificidae, Chironomidae, and Chaoboridae comprised over 80% of the benthic 
community during all study periods. They have several adaptations for dealing with low 
oxygen concentrations that occur in many benthic environments. Chironomidae burrow 
into sediments and create a current of water bringing oxygen into the sediments around 
them, or they produce hemoglobin, which improves oxygen transport during hypoxic 
conditions (Likens, 2010). Chironomidae, Tubificidae, and Chaoboridae can survive 
extended anoxia by using anaerobic metabolism or going into extended diapause (Likens, 
2010). These special adaptations allow these taxa to dominate the community 
composition in Wagon Train reservoir. 
Ceratopogonidae, Chaoboridae, and Tubificidae mean relative abundances were 
significantly different between study periods but Chironomidae was not. Chironomidae 
and Tubificidae mean relative abundance decreased between study periods. Chironomids 
are well adapted to be the first colonizers of newly flooded areas and appear under a 
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considerable range of conditions (Baxter, 1977). Although Chironomidae decreased from 
1970 to 2003 it was still the dominate family in 2003, further suggesting the notion that 
they are good colonizers and appear under a range of conditions. Chironomidae have a 
tolerance value of 7, indicating they can survive in poor water quality. The decrease in 
Tubificidae abundance indicates a less eutrophic environment in 2003. As lakes become 
more eutrophic, shifts occur in percentage composition of the Chironomidae (decrease) 
and the oligochaetes (increase) (Wetzel, 2001). Tubificidae have a tolerance value of 9 
indicating they can survive in very poor water quality. Ceratopogonidae and Chaoboridae 
mean relative abundance both increased between study periods. Ceratopogonidae has a 
tolerance value of 6 indicating moderately poor water quality and Chaoboridae a value of 
8 indicating very poor water quality. Our results show a decrease in Tubificidae, a family 
living in very poor water quality, to an increase in Chaoboridae and Ceratopogonidae, 
which have lower tolerance values, but- still an indicator of poor water quality. 
Benthic Community Changes (1970 vs. 2009) 
The number of taxa and density dramatically increased between study periods. 
Once again, it is not totally clear why there would be such a dramatic increase. Most 
likely this is due to the increased amount of organic content within the reservoir, 
increased habitat, along with environmental and biological changes.  
Chironomidae, Ceratopogonidae, and Chaoboridae mean relative abundances 
were significantly different between study periods however, Tubificidae were not. 
Chironomidae and Tubificidae mean relative abundance decreased between study 
periods, whereas Ceratopogonidae and Chaoboridae increased. This was the same trend 
we saw in the 1970 vs. 2003 study period. 
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Benthic Community Changes (2003 vs. 2009) 
The number of taxa increased and the density decreased between study periods. 
The shift in the benthic composition and reduction was in response to a number if 
physical and biological changes. The initial upsurge resulted from an increase of food and 
habitat from vegetation that formed while the reservoir was drained.  The rock jetties also 
reduced bank erosion allowing for aquatic vegetation colonization of the shoreline.  
Although density decreased from 2003 to 2009 the benthic community became more 
diverse. The shift in taxa could be a result of a more diverse habitat available after the 
restoration or a change in the fish community. Although total phosphorus levels 
decreased between 2003 and 2009, Secchi disk depth decreased by approximately 7% 
and TSS increased, indicating sedimentation may still be a concern. Although the benthic 
community is diverse, it still exhibits signs of eutrophication. 
Chironomidae and Tubificidae mean relative abundance were significantly 
different between study periods, however; Chaoboridae and Ceratopogonidae were not 
significantly different. Chironomidae, Chaoboridae, and Ceratopogonidae mean relative 
abundances decreased between study periods and Tubificidae increased. Tubificidae has 
the highest tolerance 9 of these 4 families indicating very poor water quality. As less 
tolerant families decrease and more tolerant families increase, this indicates very poor 
water quality is still a problem and eutrophication is continuing to occur.  
Benthic Community vs. Physical and Chemical Changes 
DO, TP, temperature, and chlorophyll a were compared to our 10 statistically 
significant taxa for all study periods. DO, TP, and temperature had no statistically 
significant effect on any of the taxa. Chlorophyll a only affected, Tanypus. Seather 
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(1979) showed that different species of Chironomus occurred in a wide range of trophic 
conditions while Tanypus occurred in mesotrophic to eutrophic conditions.  
One may hypothesize as chlorophyll a increases, Tanypus would also increase. 
However, this was not the case in our study. One explanation may be the species of algae 
present are undesirable to Tanypus; therefore- chlorophyll a would have a negative effect 
on Tanypus. Another explanation may be the species of Tanypus present is a predator and 
chlorophyll would have no effect on the species. When the ten taxa were examined, seven 
of the ten are predators. One taxon, Chironomus, is classified as a collector and the other 
two taxa, B. sowerbyi and immature Tubificidae feed by ingesting sediments. This 
indicates that chlorophyll a may be increasing due to decreased grazing pressure from the 
lower number of collectors.  
Benthic Community Diversity & Evenness 
Richness and diversity of the benthic community continually increased from one 
study period to the next. This suggests that a benthic community will adapt to biological 
and chemical changes over time. However, community evenness stayed relatively the 
same from one study period to the next.  
Conclusions 
Results indicated that only one taxon was affected by chlorophyll a, but not DO, 
temperature, or TP, which could be an indication that biological factors and sediments are 
more influential on the benthic community than the chemical factors of the overlying 
water.  
22 
 
 
Wagon Train reservoir has a unique data set that documents chemical, physical, 
and biological parameters over an extended period of time. Future analysis may include 
looking at the interactions of the phytoplankton, zooplankton, and benthic invertebrates 
in relation to physical and chemical parameters. Phytoplankton and zooplankton 
communities may have shifted in composition similar to the benthic macroinvertebrates. 
Looking at all biological communities, may determine why despite, phosphorus 
decreasing from 2003 to 2009, chlorophyll a increased. One of these communities may 
be influencing the other community, directly or indirectly.  
Overall, richness and diversity has increased within Wagon Train reservoir since 
initial filling. The restoration in 2001 initiated an increase in family and taxa richness by 
increasing the amount of habitat available to the benthic community. However, low DO 
in the hypolimnetic water has limited the survival of invertebrates to taxa tolerant of low 
oxygen concentrations. Also, taxa tolerant of organic pollution were the most abundant in 
Wagon Train reservoir. 
A future study should examine the sediments and their contents. Sediment particle 
size could be measured to see how the particle size may be changing over time, which 
may be affecting the composition of the benthic community. Also, organic nutrient 
concentration in the sediments could be measured along with the water quality, to 
determine which has more of an affect on the benthic macroinvertebrate community. In 
this study, water quality seemed to have little effect on the benthic community, indicating 
biological factors likely played a bigger role, along with the sediments and their contents.  
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Overall, the restoration was performed to improve the fish community, increase 
habitat availability, along with decrease sedimentation. The present study indicated that 
these goals have been successful. In order to be removed from the 303(d) list, 
sedimentation, nutrients, organic matter, and pesticide levels needed to decrease and DO 
needed to increase. Although, organic matter and pesticides were not measured in this 
study, overall sedimentation and TP decreased (although the reservoir remained 
eutrophic) and DO increased, removing Wagon Train reservoir from the 303(d) list. 
Although there is ongoing concern with water quality issues, habitat has improved in 
Wagon Train reservoir. In order to correct water quality problems, the cause of 
degradation must be identified and addressed. Many restoration projects primarily 
involve the treatment of symptoms because the impacts of the land activities are very 
large (Cooke, et al., 2005). In order to effectively manage aquatic ecosystems a cost 
effect management technique, which addresses the problem not the symptom, must be 
developed.  
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Figure 1 Wagon Train reservoir watershed in Lancaster County, NE (Zoller, 2008) 
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Figure 2. Land cover in the Wagon Train reservoir watershed (Zoller, 2008) 
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Figure 3. Wagon Train reservoir with three sampling transects and 3 eckman dredge sites on each transect. The 
middle point on each transect was the location of water quality and depth profile collections and the three points 
combined on each transect accounted for the benthic macroinvertebrate sampling . 
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Figure 4. Summer means of selected physical and chemical parameters for 1970, 2003, and 2009 (± 1SE). Means 
with different letters are statistically significant (p<0.05) between study periods. 
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Figure 5. Mean percent relative abundance of Chironomidae, Tubificidae, Ceratopogonidae, 
Chaoboridae, and ‘all others’ for the 1970, 2003, and 2009 study periods (± 1SE). Means with different 
letters are significantly different (p<0.05) between study periods. 
 
31 
 
 
Table 1. Mean annual density of benthic macroinvertebrates from Wagon Train reservoir in 1970, 2003, and 
2009.  Means with different letters are significantly different (p<0.05) between study periods. 
1970 2003 2009 
Acari 0 a 11.11 a 0 a 
Aspectrotanypus 0 a 0 a 44.44 a 
Aulodrilus 0 a 0 a 74.07 b 
Branchiura_sowerbyi 0 a 18.52 a 785.11 b 
Caenis 0 a 25.92 a 18.52 a 
Ceratopogoninae 0 a 944.35 b  88.88 a  
Chaoboridae_pupa 0 a 0 a  81.47 b  
Chaoborus 42.08 a 2533.08 b 1688.72 a b 
Chironomidae_pupa 0 a 0 a 3.70 a 
Chironomus  0 a 3607.05 b 70.36 a  
Cladopelma  0 a 7.41 a 0 a 
Clinotanypus 0 a 0 a 85.18 a 
Coelotanypodini 0 a 0 a 37.03 a 
Coelotanypus 439.67 a 203.68 b 55.55 c  
Cricotopus 0 a 3.70 a 7.41 a 
Cryptochironomus 9.5 a 22.22 a 25.92 a 
Cryptotendipes 0 a 11.11 b 0 a  
Einfeldia 0 a 3.70 a 0 a 
Eukiefferiella 0 a 0 a 3.70 a 
Helobdella_stagnalis 0 a 0 a 111.1 a 
Hexagenia 10.75 a 0 a 7.41 a 
Hyalella_azteca 0 a 0 a 7.41 a 
Krenopelopia 0 a 0 a 14.81 b  
Larsia 0 a 0 a 7.41 a 
Monopelopia 0 a 0 a 3.70 a 
Musculium 0 a 7.41 a 51.85 b  
Nematoda 0 a 3.70 a 0 a 
Ostracoda 0 a 3.70 a 0 a 
Palpomyia_tibialis 16.83 a 0 b 0 b 
Parachironomus 0 a 7.41 a 0 a 
Paramerina 0 a 3.70 a 0 a 
Pentaneura 0 a  0 a 3.70 a 
Physa 0 a 0 a 14.81 a 
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Pisidium 0 a 0 a 22.22 a 
Polypedilum 0 a 0 a 7.41 a 
Pontomyia 0 a 0 a 3.70 a 
Procladius 31.33 a 192.57 a 37.03 a 
Sialis 0 a 0 a 3.70 a 
Sphaeriidae_immature 0 a 22.22 a 0 a 
Sphaerium 0 a 0 a 137.02 b  
Sphaeromias 0 a 0 a 781.40 b 
Tanypodinae 0 a 0 a 59.25 a  
Tanypus 0 a 403.66 a 2396.06 b  
Tanytarsus 2.33 a 81.47 b 0 a  
Tendipes_tentans 6 a 0 a 0 a 
Trichocorixa 0 a 0 a 3.70 a 
Tubifex_tubifex 148.92 a 0 b 0 b  
Tubuficidae_Immature 0 a 114.80 a 359.22 b a 
Unionidae 0 a 0 a 3.70 a 
 
Table 2. Summary of ANOVA with transformations for 10 most abundant and statistically significant taxa from 
Wagon Train reservoir for year, month, and year*month interaction. 
Residual 
Square root 
transformation Log tranformation 
Source F value p value F value p value F value p value 
Branchiura sowerbyi Year 13.58 0.0001 39.2 <.0001 102.53 <.0001 
Month 1.07 0.3795 0.64 0.5985 0.26 0.8539 
  Year*Month 1.269 0.3134 1.3 0.2939 1.25 0.317 
Ceratopogoninae Year 5.92 0.0081 24.32 <.0001 27.44 <.0001 
Month 3.47 0.0317 5.33 0.0059 1.28 0.3037 
Year*Month 3.61 0.0108 5.87 0.0007 2.01 0.104 
Chaoborus Year 3.62 0.0421 10.2 0.0006 19.41 <.0001 
Month 4.18 0.0162 12.33 <.0001 20.38 <.0001 
  Year*Month 1.36 0.2716 2.92 0.0277 3.02 0.024 
Chironomus Year 26.37 <.0001 86.88 <.0001 52.64 <.0001 
Month 18.06 <.0001 20.99 <.0001 0.97 0.4229 
Year*Month 18.22 <.0001 22.8 <.0001 1.57 0.1985 
Coelotanypus Year 10.4 0.0006 15.41 <.0001 13.08 0.0001 
Month 1.94 0.1506 1.06 0.386 0.29 0.8355 
  Year*Month 1.65 0.1773 2.04 0.0994 2.34 0.0639 
Cryptochironomus Year 0.59 0.5599 0.36 0.7007 0.17 0.8419 
Month 3.72 0.0251 4.64 0.0107 4.24 0.0154 
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Year*Month 1.32 0.2882 1.67 0.1729 1.45 0.2385 
Procladius Year 1.61 0.2206 1.47 0.2507 0.54 0.5909 
Month 1.68 0.1986 2.56 0.079 1.62 0.2115 
  Year*Month 2.12 0.0086 3.91 0.0072 2.36 0.0625 
Sphaeromias Year 25.84 <.0001 116.2 <.0001 1441.59 <.0001 
Month 1.5 0.2404 1.74 0.1847 1.98 0.1434 
Year*Month 1.5 0.2212 1.74 0.1538 1.98 0.108 
Tanypus Year 6.37 0.006 18.64 <.0001 62.31 <.0001 
Month 1.17 0.3405 2.68 0.0696 4.66 0.0106 
  Year*Month 0.78 0.5927 0.99 0.4532 1.62 0.186 
Tubificidae 
Immature Year 3.54 0.0448 4.47 0.0225 6.62 0.0051 
Month 0.24 0.8673 0.23 0.8712 0.21 0.8863 
  Year*Month 0.27 0.9463 0.78 0.5965 1.97 0.1098 
 
 
Table 3. Benthic macroinvertebrates collected from Wagon Train reservoir in 1970. 2003 and 2009. 
Taxa Collected 1970 2003 2009 
Amphiphoda 
     Hyalella azteca x 
Diptera 
   Ceratopogonidae 
      Ceratopogoninae x x 
      Sphaeromias sp. x 
   Chaboridae 
      Chaoborus sp. x x x 
      Chaoboridae-pupa x 
   Chironomidae   
      Aspectrotanypus x 
      Chironomidae- pupa x 
      Chironomus sp. x x 
      Cladopelma sp. x 
      Clinotanypus x 
      Coelotanypodini x 
      Coelotanypus sp. x x x 
      Cricotopus x x 
      Cryptochironomus sp. x x x 
      Cryptotendipes sp. x 
      Einfeldia sp. x 
      Eukiefferiella x 
      Krenopelopia sp. x 
      Larsia x 
      Monopelopia sp. x 
      Palpomyia tibialis x 
      Parachironomus sp. x 
      Parakiefferiella 
      Paramerina x 
      Pentaneurini x 
      Polypedilum x 
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      Pontomyia x 
      Procladius sp. x x x 
      Tanypodinae x 
      Tanypus sp. x x 
      Tanytarsus sp. x x 
      Tendipes tentans x 
Ephemeroptera 
   Ephemeridae 
      Hexagenia sp. x x 
   Caenidae 
      Caenis sp. x x 
Gastropoda 
      Physa x 
Hemiptera 
      Trichocorixa x 
Megaloptera 
      Sialis x 
Oligochaeta 
   Tubificidae 
      Aulodrilus x 
      Branchiura sowerbyi x x 
      Tubifex tubifex x 
      Tubificidae-immature x x 
      Ilyodrilus templetoni 
      Limnodrilus Hoffmeisteri 
   Enchytraeidae 
Pelecypoda 
   Sphaeridae 
      Sphaeriidae (immature) x 
      Sphaerium sp. x 
      Musculium sp. x x 
      Pisidium x 
   Unionidae x 
Rhynchobdellida 
      Helobdella stagnalis x 
Acari x 
Nematoda x 
Ostracoda   x   
Total  9 21 37 
 
 
Table 4. Percent Community Composition for each family from Wagon Train reservoir for 1970, 2003, and 
2009. 
Community Composition 1970 2003 2009 
Caenidae 0.00 0.32 0.26 
Ceratopogonidae 2.38 11.48 12.24 
Chaoboridae 5.95 30.78 24.90 
Chironomidae 69.10 55.22 40.36 
Corixidae 0.00 0.00 0.05 
Enchytraeidae 0.00 0.00 0.00 
Ephemeridae 1.52 0.00 0.10 
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Glossiphoniidae 0.00 0.00 1.56 
Physidae 0.00 0.00 0.21 
Sialidae 0.00 0.00 0.05 
Sphaeriidae 0.00 0.36 2.97 
Talitridae 0.00 0.00 0.10 
Tubificidae 21.05 1.62 17.14 
Unionidae 0.00 0.00 0.05 
Acari 0.00 0.14 0.00 
Nematoda 0.00 0.05 0.00 
Ostracoda 0.00 0.05 0.00 
  
Table 5. Summary of ANCOVA results comparing dissolved oxygen, total phosphorus, chlorophyll a, and 
temperature to the ten statistically significant taxa from Wagon Train reservoir.  
 
DO TP Temperature Chlorophyll a 
 
F-value P-value F-value P-value F-value P-value F-value P-value 
Branchiura sowerbyi 1.8900 0.1825 0.3700 0.5466 0.1400 0.7077 0.0400 0.8508 
Ceratopogoninae 0.0400 0.8504 0.0000 0.9717 0.0200 0.8921 0.0600 0.8031 
Chaoborus 0.9200 0.3480 0.0900 0.7660 0.1200 0.7358 1.0600 0.3131 
Chironomus 0.0100 0.9379 0.0000 0.9820 0.0000 0.9876 0.9463 0.9463 
Coelotanypus 0.1500 0.6988 0.6400 0.4314 1.5600 0.2245 0.4900 0.4928 
Cryptochironomus 1.5200 0.2296 0.2200 0.6427 0.0100 0.9252 0.0200 0.8853 
Procladius 0.1400 0.7143 0.1300 0.7218 0.1100 0.7470 0.0300 0.8618 
Sphaeromias 1.7500 0.1985 0.5000 0.4860 0.0200 0.8835 1.0200 0.3222 
Tanypus 0.1500 0.7004 0.4900 0.4923 0.3100 0.5860 12.6000 0.0017 
Tubificidae-    
    Immature 3.2600 0.0842 0.1500 0.6995 0.12 0.7278 2.74 0.1116 
 
Table 6. Monthly and yearly mean benthic macroinvertebrate densities (#m2) from Wagon Train reservoir. 
Means with different letters are significantly different (p<0.05) between study periods. 
1970 2003 2009 
June 658.33
 a
 933.24 
a
 4562.51 
a
 
July 721 
a
 1673.91 
a
 5199.48 
a
 
August 682.33 
a
 6414.17 
a
 10384.15 
b a
 
September 768 
a
 23908.72 
b
 8280.65 
c
 
707.42 
a
 8232.51 
b
 7106.70 
b
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Table 7. Summary of benthic macroinvertebrate richness and diversity from Wagon Train reservoir in 1970, 
2003, and 2009. 
Richness 1970 2003 2009 
    Taxa 9 21 37 
    Family 6 6 13 
Diversity       
   Shannon H' 1.20 1.52 2.09 
   Evenness J' 0.55 0.50 0.58 
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Table 8. 2009 Benthic macroinvertebrate biomass ug/m-2 for Wagon Train reservoir.  
   
6/6/09 6/6/09 6/6/09 7/2/09 7/2/09 7/2/09 8/7/09 8/7/09 8/7/09 9/4/09 9/4/09 9/4/09 
Order Family Final Determination 1 2 3 1 2 3 1 2 3 1 2 3 
Ephemeroptera Caenidae Caenis sp. 0.0 0.0 56.0 0.0 0.0 0.0 17.8 0.0 0.0 0.0 0.0 56.0 
Diptera Ceratopogonidae Sphaeromias sp. 661.3 248.0 602.6 433.7 202.6 181.3 110.2 26.7 79.1 373.3 229.3 130.7 
Diptera Ceratopogonidae Ceratopogininae 6.2 0.0 5.3 0.0 0.0 0.0 0.0 0.0 48.9 11.6 0.0 0.0 
Diptera Chaoboridae Chaoborus sp. 0.0 16.9 14.2 29.3 46.2 60.4 140.4 373.3 444.4 188.4 223.1 398.2 
Diptera Chaoboridae Pupa 0.0 0.0 0.0 0.0 0.0 58.7 42.7 24.0 32.9 13.3 16.0 65.8 
Diptera Chironomidae Chironomus 0.0 25.8 256.9 0.0 0.0 168.9 436.4 0.0 1323.4 0.0 0.0 1322.5 
Diptera Chironomidae Cryptochironomus sp. 0.0 0.0 0.0 0.0 0.0 0.0 12.4 0.0 0.0 50.7 17.8 6.2 
Diptera Chironomidae Polypedilum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 463.1 0.0 0.0 0.0 
Diptera Chironomidae Eukiefferiella 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Diptera Chironomidae Cricotopus 0.0 24.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 
Diptera Chironomidae Tanypus 7.1 1.8 27.6 1159.0 40.0 190.2 349.3 77.3 1058.6 430.2 188.4 248.0 
Diptera Chironomidae Aspectrotanypus 0.0 141.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.8 0.0 0.0 
Diptera Chironomidae Coelotanypodini 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Diptera Chironomidae Clinotanypus 357.3 0.0 36.4 97.8 0.0 0.0 0.0 0.0 47.1 0.0 0.0 0.0 
Diptera Chironomidae Coelotanypus 63.1 0.0 34.7 0.0 77.3 38.2 0.0 0.0 0.0 0.0 17.8 0.0 
Diptera Chironomidae Larsia 0.0 0.0 0.0 0.0 0.0 0.0 27.6 0.0 0.0 0.0 0.0 0.0 
Diptera Chironomidae Procladius 0.0 0.0 13.3 4.4 0.0 13.3 0.9 0.0 0.0 0.0 0.0 0.0 
Diptera Chironomidae Pontomyia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8 
Diptera Chironomidae Tanypodinae 0.0 0.0 27.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Diptera Chironomidae Krenopelopia sp. 0.0 0.0 0.0 0.0 1.8 12.4 0.0 32.0 0.0 0.0 0.0 0.0 
Diptera Chironomidae Pentaneurini 0.0 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Diptera Chironomidae Paramerina 0.0 0.0 11.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Diptera Chironomidae Monopelopia sp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.9 0.0 
Diptera Chironomidae Chironomidae- pupa 0.0 0.0 0.0 13.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Hemiptera Corixidae Trichocorixa 52.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Oligochaeta Enchytraeidae Enchytraeidae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Rhynchobdellida Glossiphoniidae Helobdella stagnalis 438.2 0.0 0.0 43.6 0.0 0.0 31.1 0.0 0.0 117.3 0.0 0.0 
Oligochaeta Haplotaxidae Haplotaxis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oligochaeta Tubificidae Immature 22.2 42.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Gastropoda Physidae Physa 0.0 168.0 0.0 0.0 0.0 183.1 0.0 0.0 78.2 0.0 0.0 0.0 
Ephemeroptera Ephemeridae Hexagenia sp. 0.0 0.0 1587.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Megaloptera Sialidae Sialis 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pelecypoda Sphaeriidae Sphaerium 367.1 26.7 320.9 50.7 74.7 177.8 0.0 0.0 0.0 0.0 0.0 0.0 
Pelecypoda Sphaeriidae Musculium 0.0 83.5 440.0 0.0 0.0 0.0 20.4 776.8 71.1 0.0 0.0 61.3 
Pelecypoda Sphaeriidae Pisidium 0.0 0.0 0.0 90.7 0.0 51.6 0.0 0.0 59.5 0.0 0.0 0.0 
Amphipoda Talitridae Hyalella azteca 0.0 0.0 0.0 0.0 0.0 11.6 0.0 1.8 0.0 0.0 0.0 0.0 
Oligochaeta Tubificidae Branchiura sowerbyi 3050.4 1792.7 488.8 1726.0 942.1 551.9 3485.9 7.1 366.2 3652.1 4250.2 1851.4 
Oligochaeta Tubificidae Aulodrilus 0.0 0.0 57.8 0.0 1.8 0.0 0.0 5.3 337.7 12.4 0.0 16.0 
Oligochaeta Tubificidae Immature 0.0 0.0 815.9 0.0 0.0 447.1 0.0 0.0 211.1 0.0 0.0 344.9 
Pelecypoda Unionidae Unionidae 0.0 0.0 0.0 0.0 0.0 0.0 4485.8 0.0 0.0 0.0 0.0 0.0 
 
 
